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Introduction
Food safety is a global priority and one of the central issues of the current food legislation [1] . Natamycin is a polyene antifungal antibiotic produced by Streptomyces natalensis and plays a major part in the food industry to prevent yeasts and molds contamination of cheese and other non-sterile foods such as meat products (dried sausage or salami, for example) [2] . It is approved as a food additive in more than 40 countries and the FDA consider it as a GRAS (generally recognized as safe) product [3] . Natamycin inhibits vacuolar fusion [4, 5] , not permeating but binding to ergosterol in the cytoplasmic membrane. As a result, natamycin is highly effective against molds and yeasts but not against bacteria and other microorganisms. Regarding application methods, it can be incorporated directly in a liquid matrix [6] , or applied on solid surfaces by spraying, brushing or dipping. It is known that direct use of additives has limited benefits: the interaction with other components or additives in the food matrix could lead to a reduction in the active concentration of the antimicrobial component [7] .
The two leading causes of food deterioration are microbial growth and oxidation reactions that take place on the product surface [8, 9] . Uncontrolled opportunistic microorganisms generate unwanted taste or odor, discoloration and can sometimes produce toxic secondary metabolites. This could be risky to most consumers, and it is also associated with a negative impact on product acceptance [10] .
Incorporation of antimicrobials in film formulations can regulate the diffusion rate into the product, providing a way of maintaining high concentrations of the active ingredient on the surface [11] . The fact of restraining the additive to the surface also diminishes the interaction with food components and/or other additives [12] . As a consequence, films or coatings with antimicrobial activity are an auspicious form of antimicrobial delivery regarding food preservation [7, 13, 14, 15, 16] .
Much research in recent years has focused on starch because of its low cost and easy availability from renewable sources. Unfortunately, pure starch films have limited application on account of the low water resistance and high brittleness of this material. Starch/polyvinyl alcohol (PVA) polymer combination is one of the most studied blends due to PVA's advantages such as high film forming capacity, good adhesive properties and high thermal stability. Nevertheless, numerous experiments have established that great amounts of PVA are required for the purpose of obtaining the desired starch/PVA film properties. In this work, a polyurethane (PU) of low glass transition temperature was incorporated as a plasticizer, since the purpose was to obtain films containing starch as the major component. Starch/PVA/PU films were obtained and studied in previous works, demonstrating that incorporating PU to the starch/PVA blends at around 15 wt. % represents a good method for improving the properties of the films [17] and that natamycin incorporation at 0.1 % causes minimal variations in the global characteristics and properties of films [18] . This paper focuses on the evaluation of the effectiveness of natamycin in starch-based films principally against Penicillium spp and typical mold that could colonize the surface of semi-hard cheese during ripening. To achieve this, microorganisms were isolated from two cheese productive establishments and microbiological tests were carried out.
Materials and methods

Materials
Commercial corn starch (Maizena Duryea ® , Unilever Argentina S.A.), containing 0.11 g water, 0.006 g lipids, 0.003 g ash, 0.003 g proteins/g starch, and an amylose/amylopectin ratio of 25/75 (dry basis) was used [19] . Laboratory grade polyvinyl alcohol (PVA) was used (Sigma Aldrich, USA), with 98 % hydrolysis and a range of molecular weight (M w ) from 13,000 to 23,000. The polyurethane (PU) was prepared from dicyclohexylmethane-4,4 0 -diisocyanate (H12MDI, Desmodur W, Bayer) and polypropylene glycol, M n 2,000 (PPG2000, Voranol 2120, Dow) following a prepolymer process [17] . The cheese used was a semi-hard type Tybo (Cayelac, Argentina), containing 27 % total fat and 42-45 % moisture. The potato glucose agar, Mueller Hinton agar and Sabouraud Glucose agar used were Britania brand. Delvo ® Cid XT1 natamycin was donated kindly by Harmony Group, "Food Specialties" Division.
Methods
Preparation of film dispersion
The current investigation involved preparing the dispersions corresponding to the films starch/PVA/PU 70:30:0, 70:25:5 and 70:15:15. These were obtained following the procedure described by Gonz alez Forte et al. [17] . Briefly, starch and PVA suspensions were prepared (starch-gelatinized dispersion by heating 3 wt.% of starch in water at 90 C for 1 h and PVA by dissolving in water at 90 C for 24 h, both with magnetic stirring) and a polyurethane previously synthetized in the laboratory was added to the mixture. For the polyurethane synthesis, PPG2000 and dimethylol propionic acid (DMPA, Sigma Aldrich, USA) were charged into a dried 1000 mL flask with a mechanical stirrer, thermocouple, condenser, sampling tube, inlet system for gases and pump feed inlet. While stirring, the mixture was heated to 90 C, homogenized and bubbled dried N 2 for approximately 60 min, followed by increasing the temperature to 98 C and adding a mixture of H12MDI and dibutyltindilaurate catalyst (DBTDL, Sigma Aldrich, USA). After 2 h, the prepolymer was cooled to 45 C and 2-hydroxy ethylmethacrylate (HEMA, Sigma Aldrich, USA) dissolved in acetone was added slowly and allowed to react for approximately 90 min. Then, the temperature was raised to 60 C and kept constant until the isocyanate (NCO) content reached the desired value, determined using the conventional dibutylamine back-titration method [20] . The mixture was cooled to 55 C and triethylamine (TEA, ADELFA S.A.) (in acetone) was fed in slowly over 50 min to reach the theoretical NCO value (ca. 4.7 %). After neutralization, the temperature was lowered to room temperature. An aqueous dispersion of PU was obtained by adding the PU prepolymer to water containing the appropriate amount of ethylene diamine (EDA, Sigma Aldrich, USA) to perform the chain extension reaction. The dispersion was performed at about 300 rpm in an ordinary glass reactor at 30 C for 45 min. The resulting product was a stable dispersion with solid content of about 30 wt. % [21] . For the active films or coatings, natamycin water solution was prepared at 40 C for 2 h in darkness and subsequently added to each mixture to obtain a final concentration of 1 % or 0.1 wt. %.
Study of the natamycin distribution in the film
The distribution of natamycin on both sides of films (air and substrate) containing 1 wt. % natamycin was determined with infrared spectroscopy using an ATR accessory (Nicolet 380 spectrometer FTIR, Thermo Scientific, USA; ATR ZnSe IRE). The FTIR spectra were obtained by recording 64 scans between 4000-650 cm À1 with a spectral resolution of 4 cm
À1
. To achieve this, a comparison of the absorption spectra by FT-IR with the ATR accessory on both sides was made, particularly studying the contribution of the stretching band of the carbonyls from the conjugated esters of the lactone ring of natamycin at 1715 cm À1 [22, 23] .
Spectral data were acquired with EZ OMNIC software (Thermo Electron Corporation, USA), and applying baseline correction, ATR correction and noise reduction.
Coating application on a model food
A commercial Tybo type semi hard cheese was chosen as a model system to evaluate natamycin effectiveness and behavior since cheese is one of the most popular products in which natamycin is applied worldwide. The choice of this type of cheese was made taking into account that this is a cheese with a homogeneously distributed humidity degree throughout its mass [24] , allowing performing the tests with pieces simulating hole cheeses prior to ripening.
2.2.3.1. Coating application and thickness measurement. Small pieces of Tybo cheese (3 Â 3 Â 1.5 cm 3 ) were covered with the coatings to measure the final thickness obtained. In order to establish a clear difference between the film and the cheese surface, a concentrated aqueous solution of violet crystal dye was prepared and added to a starch/PVA/PU dispersion. Successive layers were made by immersing the cheese pieces in the dispersions for 5 s and immediately lifting them up to drain the excess. For drying, each piece was placed on a silicon plate that was put into a convection oven at 30 C straightaway; flips were made every 10-15 min.
This process was repeated until all the pieces were covered with three layers. Subsequently, a cut was made to each piece, and photographs were taken with a magnifying glass (10X magnification). The thickness was determined with Image-Pro Plus software. Triplicates were made for each sample.
Natamycin diffusion assay.
In the particular case of cheeses, the Argentine Food Code (AFC) establishes that natamycin is a permitted preservative on the surface that should not be detectable at 2 mm depth from the rind and, consequently, has to be absent in the mass [25, 26] .
To carry out this test, starch/PVA/PU dispersions were prepared in 70:30:0, 70:25:5, 70:20:10 and 70:15:15 proportions, with an extra step to add the natamycin solution at 1 wt. %. Shortly after, the mixtures were concentrated by evaporation at 70 C in a bath with mechanical stirring.
For this experiment, Tybo cheese was cut into cubes of 3 Â 3 Â 3 cm 3 .
The cubes were immersed in the corresponding mixtures for 5 s and immediately lifted up to drain the excess, completing the process until covering the cubes with 3 layers. Triplicates were made for each sample. The coated cubes were individually placed in plastic cheese bags, vacuum sealed with a Vacuum Saver kit (Food Saver, Tila, Italy) and then placed in a chamber at 10 C for 75 days to simulate a ripening process.
To evaluate if natamycin diffused and penetrated more than 2 mm into the cheese mass, the technique of de Ruig & van Oostrom [27] , which partially corresponds to ISO 9233 [28] , was followed. Briefly, after the exterior first 2 mm of each coated piece were discarded, the cheese was homogenized and a methanol:water (MeOH: H 2 O) extract was obtained. UV spectra were recorded for each sample, and analyzed particularly in the natamycin absorption wavelengths. Calibration curves corresponding to the minimum absorbance at 311.5 nm, and also for the maxima at 318 and 329 nm were conducted, choosing 311.5 and 329 nm wavelengths because of their best fitting. A solution of MeOH:H 2 O in 2:1 ratio was used as blank. This procedure was also used by Vierikova, Hrnciarikova, & Lehotay [29] . It has been reported that the application method has a great influence on diffusion: the interaction between cheese surface and coating has a direct influence on the migration efficiency of an active component [30, 31] .
Microbiological tests
2.2.4.1. Isolation of most representative colonies from cheeses. Three different strains were isolated from the surface of molded chesses from the "C atedra de Agroindustrias, Facultad de Ciencias Agrarias y Forestales de la Universidad Nacional de La Plata" and from the "Colegio Agrot ecnico Don Bosco Uribelarrea" of Buenos Aires Province. The surface of the cheese was scraped with a sterile swab, and then strains were isolated and grown in Sabouraud slanted agar at 28 C for ten days [32] .
The most representative strains were replicated on glucose-potato agar and Czapek-Dox agar. Macro and micromorphological studies were performed to the biggest colonies and microcultures. in Petri plates with a paper soaked in sterile distilled water; 3) Films exposed for 1 h to the environment, without inoculation, in Petri plates with a paper soaked in sterile water.
Subsequently, the films were incubated at 10 C for 45 days. All tests were performed in duplicate.
2.2.4.3. Agar diffusion method 2.2.4.3.1. Inhibitory activity of natamycin against isolated molds. For the purpose of evaluating the inhibition capacity of natamycin, three solutions were exposed to the different strains previously isolated and identified: Penicillium sp. 1, sp. 2 and sp. 3, Alternaria sp., Fusarium sp., Aspergillus Niger sp., Mucor sp. and Cladosporium sp. All fungi isolates were cultured on petri plates prior to microbiological essays.
To perform the Kirby-Bauer method Petri plates with Mueller-Hinton agar were used, and an inoculum containing 1 Â 10 9 CFU/mL of the strain was placed and spread homogeneously on the surface. Then, with the aid of a punch, 3 wells were made in the agar, in which natamycin solutions at 0.1, 0.2 and 0.3 % were placed. Finally, plates were incubated at 25-28 C for 96 h and after that the inhibition zones were measured. Determinations were made in duplicate. 
Statistical analysis of data
Data were analyzed through ANOVA (α ¼ 0.05) and Tukey was the post-hoc test applied using InfoStat software [33] . Results are reported based on their mean and standard deviation.
Results and discussion
3.1. Study of the distribution of natamycin on both sides of the film and coating thickness measurement (Fig. 1 A) , it can be concluded that the amount of natamycin on the substrate side is greater than the amount in the air face. For films 70:25:5 and 70:20:10, the tendency is reversed (Figure 1 B and C) . These films have a larger hydrophobic component due to the replacement of part of the PVA by PU, which leads to the natamycin being preferably distributed towards the air face. Although natamycin is amphiphilic, its structure has a more hydrophobic character, as indicated by the limited solubility in water [22, 34] .
During the drying process for films starch/PVA/PU 70:30:0, the water evaporation front advances towards the air face. As a result, natamycin in inclined towards the substrate face. In contrast, when PU is present, the medium has a more hydrophobic characteristic and for that reason natamycin is better distributed, so when water is evaporated, natamycin could be left with a preferential distribution towards the air face. For the starch/PVA/PU 70:15:15 films (Fig. 1 D) , there is a contribution to the absorption spectrum from the PU that masks natamycin. The modification of natamycin distribution in the film as a consequence of the incorporation of the PU could be useful to reduce the total content of the additive and dispose it selectively.
Coating thickness was measured and the results showed values within 55 AE 5 μm, which was aligned with the film thickness obtained by casting [17] .
Diffusion assay of natamycin into the mass of semi hard cheese
Natamycin was found in the mass of every cheese and could be quantified (Fig. 2) . Starch/PVA/PU coatings showed less natamycin release than the mixture without PU. Within the mixtures containing PU, the one with the lowest diffusion of natamycin was 70:25:5. Interactions between the film components and natamycin, and the amphiphilic nature of natamycin itself [22] , determine in each case a different behavior in the diffusion of natamycin towards the cheese interior. The hydrophobic character of PU can limit the diffusion of natamycin which, despite being considered amphiphilic, has a more hydrophobic character due to its structure [34] .
According to the AFC, natamycin should not be detected at 2 mm depth. Considering that the technique has a detection limit of 0.5 mg/kg, the results obtained with 1% wt. of natamycin (maximum detected value 3.65 mg/kg) and the fact that in this study the natamycin migration is over-estimated (ideal conditions for full migration: vacuum seal, time and temperature), it was decided not to proceed with the same study for 0.1 % natamycin, assuming that in this case both AFC conditions would be fulfilled. 
. Strain isolation
An interesting practice in evaluating the effectiveness of a potential food coating is to carry out studies with microorganisms isolated directly from related environments: in this case cheese ripening rooms, processing rooms, or directly from the surface of molded cheeses [30, 35, 36, 37] . In this work the isolation of fungi from the surface of molded cheeses from ripening rooms resulted in the collection of three strains of Penicillium: sp. 1, sp. 2 and sp. 3. Basílico et al. and Hocking [35, 38] showed that Penicillium spp. is a majoritarian mold that can be isolated from cheese surface. These microorganisms could be potential producers of mycotoxins dangerous to health [30, 35, 38] .
Sensitivity study of the films against Penicillium spp.
The results of the microorganism growth for films are presented in Table 1 . The scale ranged between "-" and "þ", where "-" symbolized no growth and "þ" symbolized growth.
For the films exposed to the environment, only growth of environmental molds was registered, since there was no inoculation of the films. These environmental molds were isolated, analyzed and identified. The films incubated at 10 C, presented Penicillium spp. development and additional contamination of environmental molds (Dematiaceae family, Deuteromycetes class), with the most frequent being the genera Alternaria sp. and Cladosporium sp. Less frequently, Aspergillus Niger sp., Fusarium sp. and Mucor sp.
In general, all films containing starch showed a high fungal development after 45 days on agar, possibly because the agar constituted a wet surface in direct contact.
It should be considered that all samples were exposed to high humidity environments, either by the presence of a wet paper in the base of the boxes or by the agar itself, which combined with the temperature offered favorable conditions for the development of molds.
Ripening conditions are here proven favorable to mold development, and starch-based films are attractive substrates, which is why for this product it is crucial to incorporate an antifungal compound.
Agar diffusion method
3.3.3.1. Inhibitory activity of natamycin. The natamycin in concentrations of 0.1; 0.2 and 0.3 % had inhibitory activity against Penicillium spp. These concentrations are higher than the minimum proposed by de Boer & Stolk-Horsthuis [39] for inhibition effect with natamycin, and, it is important to outline that 0.1 % natamycin in the films is within the 1 mg/dm 2 on cheese surface standard required by the AFC. The inhibition zones obtained against the different strains of Penicillium spp. of environmental molds studied after 96 h incubation are shown in Fig. 3 . It can be observed that the inhibition becomes greater for all samples as the amount of natamycin in solution increases; in all cases, the 0.3 % natamycin solution showed inhibition halos. For lower concentrations, the inhibition efficiency varied, probably because the differences between strains and some characteristics of the diffusing molecule as size, polarity and shape, and also interactions between the natamycin and the polymer chains, can affect the release of the agent.
Evaluation of antifungal performance of natamycin loaded
films. The inhibition halos obtained for starch/PVA/PU films with or without 0.1% natamycin and natamycin solution and PU against Penicillium spp. are presented in Table 2 . Fig. 4 shows an example of the inhibition zones against Penicillium sp. 1.
These results showed that the 0.1 % natamycin solution and the pure PU applied in aqueous dispersion had a significant inhibitory effect on the 3 Penicillium spp. strains studied. The hydrophobic feature of the PU dispersion could limit the interaction with Penicillium spp. strains in aqueous suspensions, leading to an "inhibition halo". Films loaded with 0.1 % natamycin showed a significant inhibitory effect, although the inhibition zones were smaller than those showed by natamycin solution; probably because natamycin is less available to act when incorporated into the films. This effect was the same statistically for all formulations of 
films versus all the strains. A variety of works for soft, semi hard and hard cheeses with coatings or active films (synthetic or natural sources) containing natamycin can be found in the literature. In most cases, good results are obtained depending on the preservation times of the proposed cheese type [8, 9, 15, 30, 40] . Hanu sova et al. [30] studied the release of natamycin from PVC films containing an 7.1 mg/dm 2 of natamycin against isolated from the surface of a soft cheese (Penicillium spp. and Cladosporium sp., mainly), finding inhibition zones for all the strains against the active film. These authors also emphasize the importance of studying the difference between the effectiveness of natamycin in solution and natamycin contained in a polymer film. There are several methods for applying natamycin in cheese preservation to prevent the growth of undesirable and/or potentially hazardous fungi on the surface. In the Argentinean industry, it is a common practice to spray the surface of the cheese with a natamycin solution, which means that there is no control over the amount of active compound per area unit, no control over the amount of natamycin that can migrate into the cheese and over the effectiveness of the treatment. Reps, Jedrychowski, Tomasik, & Wisniewska [41] studied the use of Delvo ® Cid to protect semi hard cheeses against mold growth by different application methods: immersion of cheese in brine containing natamycin, immersion in aqueous suspension of natamycin (before or after brine), coating cheeses with polyvinyl acetate containing natamycin in layers with and without wax, packaging cheeses with films that were immersed in natamycin solution and packaging cheeses after immersion in natamycin solution with vacuum bags. The results showed that the content of natamycin is depleted over time, and that this loss depends on the application conditions of natamycin: the longer time of natamycin presence was obtained when one layer of wax was applied after 3 layers of polyvinyl acetate containing natamycin. De Oliveira, De F atima Ferreira Soares, Pereira, & De Freitas Fraga [40] demonstrated, in agreement with these results, that the use of a layered coating containing natamycin results in a lower amount of natamycin in the cheese shell than if natamycin is directly applied in solution. Therefore, the efficiency of an antimicrobial film depends on: the amount of natamycin released, the contact between the cheese and the film, the barrier properties of the film and the temperature and humidity conditions in the ripening room.
Conclusions
Natamycin showed inhibitory effect against environmental molds including Penicillium spp. isolated from cheese factories. Films loaded with 0.1 % natamycin showed a significant inhibitory effect against Penicillium spp.
This study demonstrated that a corn-starch coating with starch percentage maximized to 70 % with PVA and PU as plasticizers and enriched with natamycin, could be applied as an effective coating to control environmental molds development on the surface of foods that require ripening like semi-hard cheeses. The polymers proportion was optimized to obtain an active coating with good physicochemical properties, and results showed that when PU is present in the formulation, natamycin adopts a preferential distribution towards the air side of the coating, being more available for acting against mold when applied on cheese surface.
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